Background The impact of preoperative biliary drainage (PBD) on postoperative morbidity and mortality in patients with malignant biliary obstruction is still unclear. We examined short-term surgical outcomes among drained and non-drained patients. Methods Patients who underwent surgical resection for their malignancies with biliary obstruction were identified using the American College of Surgeons National Surgical Quality Improvement Program Participant Use Files from 2014 to 2015. Mortality and morbidity were compared among patients who had PBD to those who did not undergo biliary drainage prior to surgery. Results A total of 2,306 patients were included; of these 1,803 (77.8%) had PBD. The postoperative mortality was 3.0% and 2.2% among direct surgery (DS) group and PBD group, respectively (P = 0.3). Postoperative complications were higher in the PBD group compared to the DS group (27.1% vs. 19.5%; P = 0.0005). Patients in the PBD group had higher risk of sepsis (13.5% vs. 7.2%; P = 0.0001), wound infections (16.5% vs. 10.9%; P = 0.002) and pancreatic fistula (17.5% vs. 12.4%; P = 0.006) compared to the DS group. Conclusion Preoperative biliary drainage is associated with increased risk of sepsis and wound infections, but does not impact the postoperative mortality of patients undergoing PBD.
Introduction
Biliary obstruction with associated jaundice is a common presentation of malignancies involving the distal biliary tract and head of pancreas. This obstruction could lead to hepatic dysfunction, coagulopathy, infection and contribute to patients' symptoms [1] .
While biliary drainage, mainly endoscopic, is the established intervention of choice for patients with un-resectable malignancies, the role of biliary drainage among patients being considered for surgical resection remains controversial.
A recent single center study reported no increase in mortality or morbidity among patients undergoing preoperative drainage [2] . Previously other studies have shown mixed results regarding the risk of complications in this patient population. Many of these studies were included in a meta-analysis that concluded biliary drainage is harmful and is associated with increased risk of complications [3] . A more recent meta-analysis reached a different conclusion suggesting that drainage is associated with better outcomes [4] .
The argument to drain is based on the assumption that drainage leads to an improvement of liver function and decreases hepatic inflammation, which would result in fewer complications and improve surgical outcomes. On the other hand, the argument against drainage is based on studies that showed higher rates of complications associated with drainage, mostly infectious in nature. These studies were criticized for design issues. For example, many studies included both percutaneously and endoscopically drained patients and the larger ones were mostly retrospective [4] . In addition, some of the better designed studies reported a higher rate of procedure-related complications, which were blamed for the poorer outcomes in the drainage group [5] .
In this study we used the National Surgical Quality Improvement Program (NSQIP) dataset to examine shortterm outcomes and surgical complications in this patient population. We compared surgical outcomes between drained and non-drained patients with malignant biliary obstruction.
Methods

Study population
The American College of Surgeons (ACS)-NSQIP is a large prospective surgical database representing a national validated program that provides risk-adjusted information on short-term surgical outcomes (30-day) and their predictors for the purpose of improving hospital surgical quality. ACS-NSQIP collects data from around 570 institutions across the USA and Canada and cases are collected based on current procedural terminology (CPT) codes using a random sampling of procedures per institution.
Inclusion and exclusion criteria
All patients who underwent surgery for malignant biliary obstruction for the years 2014-2015 were identified. Patients were included if they had pancreatic resection based on the following codes: Whipple-type procedures (CPT codes 48150, 48152, 48153, 48154).
Patients were excluded if they had preoperative percutaneous drainage, disseminated cancer, preoperative chemo or radiotherapy or if the final pathology did not show a malignancy.
Predictor variables
The primary predictor variable was preoperative biliary drainage using an endoscopic stent. The secondary predictor variables included sex, race, age, body mass index (BMI), diabetes mellitus, smoking status, severe chronic obstructive pulmonary disease (COPD), hypertension, >10% body weight loss (BWL) in last 6 months, transfusion of >4 units packed red blood cells in the 72 h before surgery, wound classification (clean, clean/contaminated, contaminated, dirty/infected), ASA classification (American Society of Anesthesiologists physical status examination). Collected data also included preoperative total bilirubin and white count, operative approach, pancreatic duct size, vascular resection during surgery, and the histologic subtype of the malignant disease with tumor staging.
Outcome variables
The primary outcome of the study was 30-day mortality after surgery. The secondary postoperative outcomes included the following: wound infections; cardiac complications, including cardiac arrest and myocardial infarction; respiratory complications; sepsis; venous thromboembolism, including deep venous thrombosis and pulmonary embolism; bleeding requiring transfusion; and return to operative room within 30 days after surgery. We also compared surgery related variables including length of total hospital stay, operation time, and the development of pancreatic fistula between both groups.
Statistical analysis
Statistical analyses were conducted using the Statistical Analyses Software (SAS), version 9.4. Descriptive statistics were reported using mean and standard deviation (SD) for continuous variables and frequency distributions for categorical variables. Comparisons of categorical variables were performed using the v 2 or the Fisher's exact test. Similar comparisons of continuous variables used the independent Student's t-test. Multiple logistic regression was used to identify individual predictors of postoperative outcomes while controlling for potential confounders. Results were reported using the odds ratio (OR) and the 95% confidence interval (CI). A P-value of <0.05 was considered statistically significant.
Results
Patient characteristics
We identified 2,985 patients who underwent Whipple type pancreatic resection for presumed malignant biliary obstruction. We excluded a total of 679 patients: 170 had a percutaneous stent, 533 received pre-op chemo radiotherapy, 111 were identified with disseminated disease and 164 had pathology reports showing benign disease (some excluded patients had more than one of the exclusion criteria). A total of 2,306 patients were included in the final analysis. Of these 1,803 patients (78.2%) had preoperative biliary drainage (PBD group) prior to surgery, while 503 (21.8%) patients were referred for direct surgery (DS group). Table 1 outlines the demographic and clinical characteristics of the study population. At baseline, most of the patient characteristics were similar. Mean age of our population was 66.5 AE 10.2 years with no significant difference between both groups. The prevalence of diabetics was 27.0% in the DS group and 25.2% in the PBD group (P = 0.40). Of note, preoperative total bilirubin levels were significantly different between DS and PBD groups (6.29 AE 4.53 vs. 2.81 AE 2.87 mg/dl, P < 0.0001). Also, a higher percentage of DS group patients had pancreatic duct size dilation >6 mm compared to PBD group patients (24.4% vs. 18.8%, P = 0.02) ( Table 1) .
Postoperative pathology results showed that the absolute majority of the patients were diagnosed with either pancreatic adenocarcinoma (74.5%), ampullary carcinoma (12.9%) or distal cholangiocarcinoma (5.3%). Most patients had a locally advanced disease according to the tumor staging following surgery: 82.0% of the patients had beyond T2 tumor and 72.9% of them had positive lymph nodes on postoperative pathology. There were no significant TNM staging discrepancies between the two groups under study.
Surgery related variables
The examined operative outcomes are detailed in Table 2 . The average operative time was significantly shorter for the DS group compared to the PBD group (341 AE 128 min vs. 370 AE 126 min, P < 0.0001). Length of hospital stay was similar between both groups averaging 11.4 AE 8.0 days. The rate of postoperative pancreatic fistula was significantly higher in the PBD group (17.5%) relatively to the DS group (12.4%), P = 0.006 (Table 2) .
Major complications
The overall 30-day postoperative mortality was 2.3% in the whole study population. There was no significant difference in mortality between DS and PBD groups (3% and 2.2%, respectively; OR = 0.7, 95% CI: 0.4-1.3, P = 0.28). Similarly, there were no significant differences in postoperative bleeding and reoperation rates between the two groups. As far as post-op morbidity, composite morbidity was higher in the PBD group when compared to the DS group (27.1% vs. 19.5%), an increase that was statistically significant (OR = 1.5, 95% CI: 1.2-2, P = 0.0005). Examining morbidity details, we found that only two of the studied outcomes varied significantly between the groups, namely sepsis and wound infection. The percentage of patients who developed sepsis in the PBD group was 13.5%, significantly higher than that of DS group at 7.2% (OR = 2.0, 95% CI: 1.4-2.9, P < 0.0001). The second significant difference was seen with wound infection, the rates were significantly higher in the PBD group at 16.5% compared to DS group at 10.9% (OR = 1.6, 95% CI: 1.2-2.2, P = 0.0002).
Multivariate analysis
In a multivariate analysis we compared the postoperative outcomes between both groups after adjusting for: gender, race, preoperative blood transfusion, ASA classification, pancreatic duct size, and BMI. There were no significant changes in the results and the rates of postsurgical morbidity, sepsis and wound infection remained higher in the PBD group as illustrated in Table 3 .
Discussion
Our study showed that more than three quarters of patients presenting with potentially resectable malignant CI confidence interval, DS direct surgery, OR odds ratio, PBD preoperative biliary drainage a Composite morbidity considered positive if any of wound, cardiac, respiratory, central nervous system, sepsis or thromboembolism is positive biliary obstruction underwent PBD using an endoscopic stent. This finding is consistent with recent studies where PBD was performed in more than 50% of the patients [6, 7] . There is an increase in PBD use over the last two decades rising from around 30% in the mid 1990s to over 50% in recent years despite the fact that there was no evidence of benefits from the use of PBD in addition to increasing reports of high morbidity associated with percutaneous stenting [3, 4, 6] . The concept of PBD was advocated as a method to restore the normal physiology of biliary-obstructed patients, hence reducing the risks associated with hyperbilirubinemia, which have been linked to poor surgical outcomes [8, 9] . In this study, preoperative bilirubin levels were significantly lower in patients who underwent PBD compared to those who went straight for surgery, which suggests that the goal of lowering bilirubin level has been achieved. Previous studies advocate that lowering bilirubin levels should boost the immune function, improve the nutritional conditions and reduce the chance of infections [10] [11] [12] . However, our analysis revealed that the rates of wound infection as well as sepsis were significantly higher in patients in the PBD group compared to DS group. These results contradict previous conclusions and question the importance of bilirubin as an agent that affects the immune system and the microbiological profile in the biliary tree.
Overall, PBD did not decrease the composite postoperative morbidity. Patients who underwent preoperative drainage had a 50% greater chance of developing postsurgical complications compared to patients in DS group. This falls in line with findings from previous studies that showed similar rates of postoperative complications in patients undergoing PBD before surgery [2, 5, [13] [14] [15] . Among these complications, only wound infection and sepsis were significantly higher in the PBD group compared to the DS group which is consistent with findings by Sahora et al., Morris et al. as well as in a recent metaanalysis by Scheufele et al. [2, 14, 15] . The increased incidence of complications was not limited to the immediate postoperative period, patients undergoing PBD were still at increased risk even several weeks after the surgery as shown in a recent trial by Van der Gaag et al. revealing that the rate of postoperative complications and infections was significantly higher in the PBD group 4 months after the surgery [5] .
There was no significant difference in mortality between both groups which is consistent with findings from previous studies. A large meta-analysis performed by Moole et al. including mostly retrospective studies and a few randomized controlled trials, showed that mortality rates were comparable between PBD and DS groups [4] . Similarly, mortality rates were not different between both groups in a Cochrane review including six trials out of which only one trial by Van der Gaag et al. was recent [5, 16] . A longer follow-up performed by Morris et al. looked at 30 days and 1 year mortality differences in both groups and reported that there were no discrepancies between the groups [15] .
Another significant operative outcome was the risk of developing a pancreatic fistula or leak which was higher in the PBD group despite the fact that PBD was shown not to increase the risk of pancreatic fistula in a recent study [14] . This undesired postoperative outcome could explain the increased risk of infections and sepsis in those patients [2] .
Our analysis has several notable strengths. First it is based on a large database prospectively collected to examine quality indicators in surgical care. Data from the NSQIP were established from a group of representative hospitals in different regions with a strong emphasis on ensuring high-quality data collection through rigorous training and auditing of chart abstractors. Second the large sample size in this study, which is more than two-fold higher than any of the previously published studies, allowed us to study actual practice patterns and outcomes and to detect the differences between both groups in the common and less-frequent postoperative complications. Third, our analysis included only patients who were endoscopically drained in the PBD group making the population more homogenous and eliminating biases that could be introduced if percutaneous drainage was included as was the case in many previous studies. Fourth our results reflect outcomes that are more representative of real life practice combining different practice settings and eliminating biases seen in reports from high volume referral centers.
It is important to recognize that our study is not a randomized clinical trial, comparisons between treatments options need to be made with caution.
One of the limitations of the NSQIP database is that it only measures outcomes 30 days after surgery, so further large-scale studies should be performed to study the longterm outcomes between both groups of patients. Another limitation is that the type of endoscopic stent whether plastic or metal was not specified as the outcome of both stents was shown to be different in previous studies [17] . The period between stenting and surgery was not specified as well in the NSQIP data.
Conclusion
In conclusion, our study showed that PBD is associated with significantly higher risk of postoperative complications, sepsis, wound infections and pancreatic fistula in patients presenting with malignant biliary obstruction. PBD did not alter mortality or length of stay in this group of patients.
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